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Abstract
,QWKLVSDSHUDK\EULGIX]]\LQIHUHQFHDQGWUDQVIHUIXQFWLRQPRGHOLQJLVXVHGWRSUHGLFWWKHLUUHJXODUKXPDQEHKDYLRUGXULQJKDUG
DQG VWUHVVIXO WDVNV VXFK DV GDQJHURXV PLOLWDU\ PLVVLRQV $ VHW RI DIIHFWLQJ IDFWRUV VXFK DV PLVVLRQHU¶V H[SHULHQFH IDWLJXH
VXQVKLQH LQWHQVLW\KXQJULQHVV WKLUVWLQHVVSV\FKRORJLFDOFKDUDFWHULVWLFVDIIULJKWHWFPD\EH WDNHQ WRDFFRXQW ,Q WKLV UHJDUGD
G\QDPLF V\VWHP PRGHO LV XVHG WR SUHGLFW WKH FRQYROXWLRQ RI WKH WLPHG HIIHFWV RI GLIIHUHQW IDFWRUV RQL UUHJXODU EHKDYLRU RI
SHUVRQQHOGXULQJWKHPLVVLRQ7KLVDSSURDFKRISUHGLFWLQJLUUHJXODUEHKDYLRURUHUURQHRXVGHFLVLRQPDNLQJRIVWDIIKDYHVHULRXV
XVDJHV LQ DHURVSDFH PLOLWDU\ VRFLDO DQG VLPLODU SURMHFWV ZKHUH D ZURQJ GHFLVLRQ FDQ KDYH FDWDVWURSKLF RXWFRPH VXFK DV
DWWHPSWLQJWRVXLFLGHE\DSLORWRUNLOOLQJFLYLOLDQVE\DVROGLHULQVWUHVVIXOVLWXDWLRQV7KHHIIHFWRIVXFKEHKDYLRUDQGGHFLVLRQV
PD\HYHQFDXVHWKHIDLOXUHRIWKHRYHUDOOSURMHFWRUPLVVLRQ)RUH[DPSOHNLOOLQJFLYLOLDQVE\DVROGLHUFDQUHVXOWWRWKHRYHUDOO
IDLOXUHRIKXPDQWHUUDLQPLVVLRQVZKHUHWKHPDLQREMHFWLYHLVJDLQLQJWUXVWEHWZHHQWKHORFDOFLYLOLDQSRSXODWLRQ
.H\ZRUGV,UUHJXODU+XPDQ%HKDYLRXU)X]]\,QIHUHQFH&RQYROXWLRQ'\QDPLF6\VWHP6WUHVV'HFLVLRQ0DNLQJ
+XPDQ5HVRXUFHV5LVN

1. Introduction
,Q UHFHQW \HDUV VHPL DXWRPDWLF DQG VRPHWLPHV IXOO DXWRPDWLF V\VWHPV KDV JDLQHG LPSRUWDQW XVDJH LQ LQGXVWU\
+RZHYHU KXPDQ UHVRXUFH SOD\V WKH PDLQ UROH LQ SHUIRUPLQJ GLIILFXOW WDVNV VXFK DV MRE VKRS SURFHVVLQJ UHVFXH
PLVVLRQVRUPLOLWDU\RSHUDWLRQV+XPDQ LV WKHPRVW LQWHOOLJHQW V\VWHPEXW LW KDV WKHGUDZEDFNRI JHWWLQJ WLUHGRU
VWUHVVHGKHQFHWKHUHLVDJUHDWULVNRIGRLQJIDXOW\DQGGDQJHURXVXQGHVLUHGDFWLRQV7KHUHDUHWZRPDLQFODVVHVRI
GLIIHUHQW IDFWRUV DIIHFWLQJ WKH KXPDQ EHKDYLRU GXULQJ WKHLU PLVVLRQV (QYLURQPHQWDO DQG 3HUVRQDO SK\VLFDO RU
PHQWDOFDXVHV(QYLURQPHQWDOFRQGLWLRQVPD\EHGHWHFWHGE\XVLQJGLIIHUHQWVHQVRUVVXFKDVQRLVHVHQVRUSUHVVXUH
VHQVRUWKHUPDOVHQVRUVDQGHWF'HWHFWLQJSHUVRQDOFRQGLWLRQVLVPRUHGLIILFXOWDQGPRUHDWWUDFWLYHIRUUHVHDUFKHUV
+XPDQEHKDYLRUGHWHFWLRQDQGSUHGLFWLRQLVFXUUHQWO\VWXGLHGDQGVHYHUDOSDSHUVDUHSXEOLVKHGLQWKLVILHOG7KHVH
VWXGLHVPD\EHFODVVLILHGLQWZRFODVVHV)DFLDODQG%RG\PRYHPHQW'LIIHUHQWPHWKRGRORJLHVIRUIDFLDOUHFRJQLWLRQ

&RUUHVSRQGLQJDXWKRU
E-mail addressVNKDQPR#ELQJKDPWRQHGX
Available online at www.sciencedirect.com
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DUH SUHVHQWHG LQ >@ >@ DQG >@ /LDQJ:DQJ:HLPLQJ +X 7LHQLX 7DQ KDV VWXGLHG GLIIHUHQW ZRUNV RQ KXPDQ
PRWLRQYLVXDOL]DWLRQ>@%RG\PRYHPHQWUHFRJQLWLRQWHFKQLTXHVDUHSUHVHQWHGLQ>@>@DQG>@6HYHUDOUHVHDUFKHV
KDYH WULHG WR SUHVHQW GLIIHUHQW PHWKRGRORJLHV DQG DOJRULWKPV IRU UHFRJQLWLRQ RI KXPDQ EHKDYLRU LQ GLIIHUHQW
HQYLURQPHQWV,QGRRURURXWGRRULQGLYLGXDOO\RUE\JURXSVEDVHGRQIDFLDODQGERG\PRYHPHQWUHFRJQLWLRQV>
DQG@,QWKLVSDSHUE\FRQVLGHULQJWKHH[LVWHQFHRIGLIIHUHQWIDFLOLWLHVIRUIDFHDQGERG\PRYHPHQWGHWHFWLRQD
G\QDPLF PRGHO LV LQWURGXFHG WR IRUHVHH WKH VWDII EHKDYLRU LQ VWUHVVIXO FRQGLWLRQV EDVHG RQ V\VWHPV HQJLQHHULQJ
PHWKRGRORJLHVE\GHYHORSLQJWUDQVIHUIXQFWLRQV$KLHUDUFKLFDOIX]]\LQIHUHQFHV\VWHPLVGHYHORSHGIRUHVWLPDWLQJ
WKHPRGHOSDUDPHWHUV
2. Modeling of Human Stress
%HIRUHLQWURGXFLQJWKHIX]]\LQIHUHQFHV\VWHPIRUPRGHOOLQJWKHHIIHFWVRIHQYLURQPHQWDODQGSHUVRQDOFDXVHVRQ
KXPDQVWUHVVIDFWRUVWKHGLIIHUHQWLDOHTXDWLRQPRGHORIKXPDQVWUHVVLVLQWURGXFHGE\HTXDWLRQ

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ZKHUHWUHSUHVHQWVWKHWLPHFRQVWDQWRIDIIHFWLQJIDFWRUPWLVG\QDPLFVRIQHUYRXVWHQVLRQVWUHVVRIVWDIINLVWKH
DWWLWXGHRIDIIHFWLQJIDFWRURQKXPDQVWUHVVWLVWKHLQGHSHQGHQWYDULDEOHWLPHDQGFWUHSUHVHQWVWKHG\QDPLFVRI
DIIHFWLQJIDFWRURQVWUHVV7KHWUDQVIHUIXQFWLRQRIWKLVV\VWHPIRUWKHFDXVDODFWLRQVRIKXPDQLV
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)LJUHSUHVHQWVG\QDPLFVRIVWUHVVIRUDVWHSFKDQJHLQWZRFDXVHV&DXVHDLVDIIHFWHGDWW ZLWKDWWLWXGHDQG
WLPHFRQVWDQW&DXVHELVDIIHFWHGDWW ZLWKDWWLWXGHDQGWLPHFRQVWDQW
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)LJ'\QDPLFVRIVWUHVVIRUWZRDIIHFWLQJIDFWRUV

$VLWLVVHHQLQ)LJLIWKHPD[LPXPDFFHSWDEOHUDQJHIRUVWUHVVLVXQLW\WKHQIDFWRUEFDXVHVWKHVWUHVVRIVWDIIJR
RXWRIUDQJHDWDERXWXQLWVRIWLPHDIWHULPSRVLQJWKHFDXVHZKLOHIDFWRUDKDVQRGDQJHURIRYHUVWUHVVLQJ7KH
W\SHRIFDXVHVDQGWKHLUG\QDPLFVDUHLQWURGXFHGLQGHWDLOVLQWKHIROORZLQJVHFWLRQV

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2.1. Hierarchical hybrid system

$ KLHUDUFKLFDO K\EULG V\VWHP FRQVLVWLQJ )X]]\ ,QIHUHQFH 6\VWHP ),6 DQG GLIIHUHQWLDO HTXDWLRQ WUDQVIHU
IXQFWLRQ LV XVHG IRUPRGHOOLQJ WKH KXPDQ VWUHVV SUHGLFWLRQ(LJKWPDLQ IDFWRUV WKDW DIIHFW WKH OHYHO RI VWUHVV DUH
FODVVLILHGDV
x )DFLDO
x $EQRUPDOPRYHPHQWV
x (QYLURQPHQWDO
x 'HOLEHUDWHG
6RPHIDFLDOIHDWXUHSRLQWVDUHLOOXVWUDWHGLQ)LJ>@
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
)LJ)DFLDOIHDWXUHSRLQWV5HWULHYHGIURP>@

)DFLDO 7KH PDMRU IDFLDO IDFWRUV DIIHFWLQJ RQ VWUHVV ZKLFK DUH FRQVLGHUHG LQ WKLV SDSHU DUH ',6 7KH GLVWDQFH
EHWZHHQH\HEURZDUFDGHSRLQWSDQGURRWRIWKHQRVHSRLQWSDQG6:7VZHDWVRQIDFH

$EQRUPDOPRYHPHQWV-XQ<LQDQG<DQ0HQJ>@KDVVWXGLHGWKHDEQRUPDOKXPDQEHKDYLRUE\UHFRJQL]LQJWKH
DEQRUPDOPRYHPHQWVRIERG\ ,QWKLVSDSHUWKHWZRPDLQPRYHPHQWIDFWRUVDIIHFWLQJRQVWUHVVDUHFRQVLGHUHGDV
$+7$SSURDFKLQJ+HDGWR7RRODQG+7:+DQG7UHPRUGXULQJ:RUNZKLFKLVVKRZQLQ)LJ
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
)LJ+DQGWUHPRUKWWSZZZVWRSWUHPRUVFRP

(QYLURQPHQW7KHWZRPRVWLPSRUWDQWHQYLURQPHQWDOIDFWRUVWKDWDIIHFWKXPDQVWUHVVDUH7+07KHUPDODQG+80
+XPLGLW\

'HOLEHUDWLRQ 761 7LPH 6SDQ DQG 4/9 4XDOLW\ /HYHO DUH FRQVLGHUHG DV WKH WZR PDLQ GHOLEHUDWLQJ IDFWRUV
DIIHFWLQJWKHVWUHVVRIVWDIIGXULQJWKHPLVVLRQ
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)LJ+LHUDUFKLFDOVWUXFWXUHRIK\EULGPRGHORIVWDIIVWUHVV

,Q WKLVPRGHO),6EORFNVSHUIRUP)X]]\ ,QIHUHQFH*VEORFNXVH WUDQVIHU IXQFWLRQVZLWKGLIIHUHQWSDUDPHWHUV WR
SUHGLFWWKHVWUHVVOHYHODVWKHFRQYROXWLRQRIHIIHFWVRIGLIIHUHQWFODVVHVRIFDXVHVRQVWUHVVPLWV7KHDJJUHJDWRU
DFFXPXODWHV WKH VWUHVV OHYHOV RI HIIHFWV RI FDXVHV DQG JHQHUDWHV WKH WRWDO OHYHO RI VWUHVV PW % \ LPSRVLQJ WKH
LQKLELWHUVLJQDOVVXFKDVXVLQJDLUFRQGLWLRQHULQFUHDVLQJWKHPLVVLRQGHDGOLQHLQFUHDVLQJWKHTXDOLW\WROHUDQFHDQG
GHFUHDVLQJ WKH SHUVRQQHO SUHVHQFH LQ FHUWDLQPLVVLRQV VXFK DV WKH SUHVHQFH RI VROGLHUV LQ EDWWOHILHOGV WKH UDWH RI
VWUHVVZLOOEHGHFUHDVHGDQGPRGLILHG7KLVZD\WKHWLPHWREHRYHUVWUHVVHGZLOOEHUHGXFHGDQGWKHVWDIIZLOOKDYH
WKHRSSRUWXQLW\WRILQLVKWKHMREQRUPDOO\

%HFDXVHRIFRPSOH[LW\RI UHODWLRQVRIVWUHVV WUDQVIHU IXQFWLRQVSDUDPHWHUVZLWKDIIHFWLQJIDFWRUV WKHHVWLPDWLRQV
DUHSHUIRUPHGE\)X]]\,QIHUHQFH6\VWHPV6L[YHUEDOYDOXHV)HHEOH)(9HU\6PDOO966PDOO600HGLXP
0'/DUJH/*DQG9HU\/DUJH9/DUHXVHGLQUXOHEDVHV)LJUHSUHVHQWVWKH0HPEHUVKLS)XQFWLRQVRIWKH
6\VWHP
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)LJ0HPEHUVKLSVRIGLIIHUHQWYHUEDOYDOXHV

7KHIX]]\UXOHVXVHGLQWKLVV\VWHPDUHDVIROORZV
,I[LV$DQG\LV%WKHQNLV&DQGWLV':KHUH[DQG\DUH',6DQG6:7IRUIDFLDO$+7DQG+7:IRUDEQRUPDO
PRYHPHQW7+0DQG+80IRUHQYLURQPHQWDQG761DQG4/9IRUGHOLEHUDWLRQIDFWRUVUHVSHFWLYHO\NDQGWDUH
DWWLWXGHDQGWLPHFRQVWDQWVRIWUDQVIHUIXQFWLRQ$%&DQG'DUHWKHYHUEDOYDOXHVSUHVHQWHGLQ)LJ
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3. Illustrative Example
7DEOHUHSUHVHQWVWKHFULVSYDOXHVRIGLIIHUHQWSDUDPHWHUVFDXVLQJWKHVWUHVVDWWLPHW 3DUDPHWHUVNDQGWDUH
JHQHUDWHGE\DSSURSULDWH),6IRUHDFKFDXVH
7DEOH'DWDIRULOOXVWUDWLYH([DPSOH
$IIHFWLQJIDFWRUV )LUVW3DUDPHWHU 6HFRQG3DUDPHWHU N W 6HQVLQJ7LPH
)DFLDO ',6  6:7    
$EQRUPDO0RYHPHQW $+7  +7:    
(QYLURQPHQW 7+0  +80    
'HOLEHUDWLRQ 761  4/9    

)LJVKRZVWKHG\QDPLFVRIHIIHFWVRIGLIIHUHQWFDXVHVGHWHUPLQHGE\WUDQVIHUIXQFWLRQRQLQFUHDVLQJWKHOHYHORI
VWUHVVGXULQJDWLPHXQLW






)LJ'\QDPLFVRIHIIHFWVRIGLIIHUHQWFDXVHVRQVWUHVV))DFLDO$$EQRUPDO0RYHPHQW((QYLURQPHQW''HOLEHUDWLYH77RWDO

$VLWLVVHHQLQ)LJWKHVWUHVVOHYHOSDVVHVWKHVWDQGDUGOHYHOXQLW\DIWHUDERXWKDOIRIWKHWLPHXQLWDQGUHDFKHVWR
WKHFDWDVWURSKLFOHYHORIDERXWVL[WLPHVRIWKHVWDQGDUGOHYHODWWKHHQGRIWLPHXQLW,QGLYLGXDOSUHGLFWLRQRIVWUHVV
FDXVHGE\HQYLURQPHQWVKRZVWKDWLWKDVQRGDQJHURXVHIIHFWRQVWUHVVVWUHVVOLQH(GRHVQRWSDVVVWDQGDUGOHYHO
+RZHYHUWKHIDFLDOFDXVH',)6:7VKRZVWKDWWKHVWUHVVZLOOSDVVRYHUVWDQGDUGOHYHODIWHUWLPHW EXWFXUYH
7VKRZVWKDWJOREDOO\WKHVWUHVVOHYHOZLOOEHGDQJHURXVDIWHUW WLPHXQLWV
$VDQ LQKLELWLQJ VWUDWHJ\XVLQJDLU FRQGLWLRQHUZLOO FDXVH LQKLELWLYHHIIHFWRQ6:77+0DQG+80&RQVLGHUD
VLPSOHILUVWRUGHUGLIIHUHQWLDOHTXDWLRQIRUDLUFRQGLWLRQHUZLWKWUDQVIHUIXQFWLRQ*FV 6
&RQVLGHUWKUHHVWUDWHJLHV
D671RLQKLELWLQJDFWLRQ
E677XUQLQJRQDLUFRQGLWLRQHUDWWLPHW 
F677XUQLQJRQDLUFRQGLWLRQHUEDVHGRQDJJUHJDWHGVWUHVVOHYHODWWLPHW 
)LJVKRZVWKHHIIHFWRIWKUHHVWUDWHJLHVLQDJJUHJDWHGG\QDPLFVRIVWUHVVOHYHO
$V LW LV VKRZQ LQ)LJE\XVLQJ WKH WKLUG VWUDWHJ\EDVHGRQ WKHSUHGLFWLRQRIDJJUHJDWHGVWUHVV OHYHO WKHUH LVD
VLJQLILFDQWGHFUHDVHLQOHYHORIVWUHVVDQGWKHFRQGLWLRQEHFRPHVIURPXQLWVRIRYHUVWUHVVWRRQO\XQLWVRI
RYHUVWUHVVLQWLPHXQLW
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
)LJ(IIHFWRIWKUHHVWUDWHJLHVLQDJJUHJDWHGG\QDPLFVRIVWUHVVOHYHO0RGLILHGPWV

4. Conclusion
,QWKLVSDSHUDKLHUDUFKLFDOK\EULGV\VWHPEDVHGRQIX]]\LQIHUHQFHV\VWHPDQGWUDQVIHUIXQFWLRQLVXVHGWRSUHGLFW
WKH OHYHO RI VWUHVV IRU VWDII GXULQJPLVVLRQ FDXVHGE\GLIIHUHQW VWUHVVIXO IDFWRUV7KHSUHGLFWLRQ VWUDWHJ\ KHOSV WKH
V\VWHPWRSHUIRUPVXLWDEOHDFWLRQWDFWLFLQDSSURSULDWHWLPH,QIXWXUHZRUNVDGHFLVLRQPDNLQJDQDO\VLVE\VHYHUDO
FULWHULD ZLOO EH XVHG WR GHFLGH IRU VXLWDEOH DFWLRQ EHWZHHQ GLIIHUHQW DOWHUQDWLYHV EDVHG RQ G\QDPLFV RI WRWDO DQG
LQGLYLGXDOVWUHVVOHYHOV7KHPDLQGLIIHUHQFHEHWZHHQWKHSURFHGXUHLQWURGXFHGLQWKLVSDSHUDQGWKHFODVVLFKXPDQ
EHKDYLRUDQDO\VLVLVFRQVLGHULQJWKHFRQYROXWLRQRIHIIHFWVRIGLIIHUHQWSDUDPHWHUVLQWLPHGRPDLQZKLFKKHOSVWKH
V\VWHPGHVLJQHUV WRSUHGLFW WKH WLPHDQG OHYHORIFULWLFDO FRQGLWLRQVDQGSHUIRUPSUHYHQWLYHDFWLRQV WR LQKLELW WKH
XQGHVLUHGKXPDQDFWLRQVGXULQJVWUHVVIXOPLVVLRQV
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